Nociceptive primary afferent central (CI) terminals sensitive to capsaicin are surrounded by dendrites and a few axonal endings, forming glomeruli in the substantia gelatinosa of the spinal dorsal horn. Such CI terminals have various forms: some are dark, slender, sinuous, small and round, others have scalloped contours with closely packed spherical or ovoid vesicles, a few large dense-cored vesicles and few mitochondria (PALERMO et al.,1981; RIBEIRO-DA-SILVA and COIMBRA, 1982; RIBEIRO-DA-SILVA et al., 1985; PIGNATELLI et al., 1989; HIURA et al., 1990) .
Capsaicin is known to specifically affect CI terminals originating from nociceptive primary afferent neurons (PALERMO et al., 1981; RIBEIRO-DA-SILVA and COIMBRA,1984; HIURA et al., 1990; HIURA and ISHIZU-KA, 1994) . Quite recently, we found that capsaicinsensitive nonglomerular CI terminals formed presynaptic contacts with interneuronal somata in the mouse substantia gelatinosa (HIURA and I5HIZUKA, 1995) . Degeneration of axonal terminals in contact with soma was induced by capsaicin treatment in neonatal and adult mice. Thus, the nonglomerular CI terminals were presumed to conduct nociceptive information to the interneurons.
Many small, round neurons in the Substantia gelatinosa are thought to be Interneurons (WILLIS and COGGESHALL, 1992) , and most of their islet cells show positive GABA-immunoreactivity (TODD and MCKENZIE, 1989) .
This study was designed to investigate the synaptic relationships between CI terminals and GABAergic interneuronal somata. Anatomical analyses of the synapses between CI terminals and Interneurons may lead to a fundamental understanding of the modulation of pain in the substantia gelatinosa.
MATERIALS AND METHODS
Under Nembutal anesthesia, adult DDY mice were perfusion-fixed via the left cardiac ventricle with saline, followed by 1% paraf ormaldehyde (PFA) and 0.5% glutaraldehyde (GA) in 0.1M phosphate buffered saline (PBS, pH 7.4) or 4% PFA, 0.5% GA and 0.2% picric acid in 0.1M phosphate buffer (PB, pH 7.4). The lumbar spinal cord was excised and immersed in the same fixatives for 1 h at 4C. Coronal sections 30-50cm thick were cut on a Vibratome (Lancer).
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Pre-embedding GABA immunostaining on free-floating sections was performed by the ABC (avidin-biotincomplex) method. The thick sections were incubated in a solution containing 1% borohydride in 0.1M PB for 30min, followed by incubation in H2O2 methanol for 20min, and then three rinses in PB. These washed sections were incubated with 1% bovine serum albumin (BSA) in PBS for 60min and placed overnight at room temperature in GABA antiserum (SFRILaboratory, France) at a dilution of 1:1500. Following six rinses in PBS, the sections were incubated in goat anti-rabbit IgG (1: 50) for 1h, rinsed in PB and incubated in ABC for 2h at room temperature. After six washes in PB, the sections were incubated in diaminobenzidine (DAB, 0.01%) for 20min in 0.05M Tris-HCl buffer (pH7.6), and then incubated in 0.01% DAB containing 0.2% hydrogen peroxide for 20min. The sections were thoroughly rinsed in PB and placed in 1% 0504 for 1h. After dehydration through a graded ethanol series, the tissues were embedded in Epon or Spurrs resin. Ultrathin sections trimmed from the substantia gelatinosa were mounted on f ormvar-coated nickel grids, lightly double stained with uranyl acetate and lead nitrate and examined with a Hitachi H-800 electron microscope.
RESULTS
The entire dorsal horn showed immunoreactivity for GABA. Marked immunoreactivity was distributed from layers I to III of the dorsal horn (Fig. 1) . In particular, the lateral sides of these areas were intensely immunostained for GABA. Moderately intense immunoreactivity was seen in the area around the central canal. The immunoreactive neurons were found to be distributed throughout the entire dorsal horn, although they showed a higher concentration in the substantia gelatinosa. A considerable number of GABA-immunoreactive neurons was seen in the intermediomedial nucleus (the most medial part of Rexed lamina VII). These were round or fusiform in shape, showing granular immunoreactivity throughout the cytoplasm. Only a few GABA-immunoreactive neurons were observed in the ventral horn.
The GABA-immunoreactive somata were contacted by terminal endings with various features; dark, small fusiform (Fig. 2a, b) and light, slender or sinuous terminals (Fig. 2c, d ), terminals with indented contours (Fig. 3a, b) , and those forming a small curve of an edge opposite the soma side, i.e., a scalloped contour ending (Fig. 3c ) with a few mitochondria. These terminals were closely packed with round or ovoid agranular synaptic vesicles exhibiting a considerable range of diameters (40-80am) and a scarcity of mitochondria. Some of the terminal endings made clear presynaptic contact with GABA-immunoreactive somata (Fig. 3c) . Occasionally, as shown in Figure 3a , multiple CI terminals made contact with a single GABA-immunoreactive soma. GABA-immunoreactive axon terminals containing densely packed round agranular synaptic vesicles were seen in contact with non GABAergic (Fig. 3d) and GABAergic neurons (Fig. 2c) .
DISCUSSION
The intense GABA-immunoreactivity in layers I-III of the mouse dorsal horn demonstrated in the present study is in agreement with previous reports in the rat (MCLAUGHLIN et al., 1975; BARBER et al., 1978; MAGOUL et al.,1987; KADURI et al., 1987; MERIGHI et al.,1989; TODD and MCKENZIE, 1989; TODD et al., 1992) and mouse (KADURI et al., 1987) . There were also many GABAergic neurons in the superficial dorsal horn and in the intermediomedial nucleus. MCLAUGHLIN et al. (1975) reported a moderately high density of positive reaction products for glutamate decarboxylase (GAD, GABA synthesizing enzyme) in the intermediate gray and the region around the central canal, but they did not refer to GAD-positive neurons in the intermediomedial nucleus.
After careful examination of the electron micrograph montages of the rat superficial dorsal horn, RIBEIRO-DA-SILVA and COIMBRA (1982) noted the two types of axon terminals differing not only in electron density and size of axoplasm but also in their contours, number of mitochondria and compactness and diameter of synaptic vesicles. One of these cell types has a higher electron density of the axoplasm of sinuous, indented or scalloped contours with closely packed, round agranular vesicles which are heterogeneous in diameter, and also fewer mitochondria. They considered that all the above features belong to the central knob of the unmyelinated nociceptive primary afferent, and designated them as CI type terminals. CI terminals show a half section area in cross-sections, in contrast to the CII type terminals (RIBEIRO-DA-SILVA and COIMBRA, 1982) .
Recently, we found that axonal terminals very similar to the CI terminals in ultrastructural details make presynaptic contacts with interneuronal somata in the mouse SG. Such interneuronal somata are very likely GABAergic interneuronals as judged by their shape, being small and round with little cytoplasm. After capsaicin treatment of neonatal and adult mice, Primary Afferent Central Terminals 57 these terminals degraded, and we accordingly designated them nonglomerular capsaicin-sensitive CI terminals (HIURA and ISHIZUKA, 1995) .
This study demonstrated that the same type of terminals (nonglomerular CI terminals) form synapses on GABAergic neuronal somata. However, LIGHT and KAVOOKJIAN (1988) reported that axon collaterals of SG neurons, containing clear, round vesicles and a few large dense-cored vesicles, terminate on other SG neurons in cats and monkeys. On the other hand, large numbers of CGRP-and SP-immunoreactive terminals, which are believed to be the central, mainly nociceptive, terminals of primary afferent neurons (HoKFELT et al., 1992) , are presynaptic to GABAergic neurons in the SG of monkeys (HAYES and CARLTON, 1992) and of mice and guinea pigs (HIURA et al., 1995) .
Moreover, there have been reports on the presynaptic relationship of CI terminals to GABAergic neurons in the superficial dorsal horn (CARLTON and HAYES, 1991; HIURA et al., 1991) . Thus, presynaptic termination of CI terminals onto GABAergic neurons seems to be a common feature in the SG. The present findings suggest that nociceptive primary afferents play a role in modulating the transmission of pain via neurons in the SG, although CI terminals have also been reported to have postsynaptic relationships with GABAergic neurons (MCLAUGHLIN et al., 1975; BARBER et al., 1978; TODD and LOCHHEAD, 1990) . In addition, GABA-immunoreactive axonal terminals contacting non GABAergic somata may represent another pain modulation circuit, in which interneurons containing opioids are triggered by GABAergic neurons (LIU et al., 1992) . 
